The objective of this study was to investigate the rates, predictors and correlates of insomnia in a national sample of US Army soldiers. Data were gathered from the cross-sectional survey responses of the All-Army Study, of the Army Study to Assess Risk and Resilience in Service members. Participants were a representative sample of 21 499 US Army soldiers who responded to the All-Army Study self-administered questionnaire between 2011 and 2013. Insomnia was defined by selected DSM-5 criteria using the Brief Insomnia Questionnaire. The results highlight significant functional difficulties associated with insomnia among US soldiers, as well as insights into predictors of insomnia specific to this population. Insomnia was present in 22.76% of the sample. Predictors of insomnia status in logistic regression included greater number of current mental health disorders, less perceived open lines of communication with leadership, less unit member support and less education. Insomnia had global, negative associations with health, social functioning, support, morale, work performance and Army career intentions. The results provide the strongest evidence to-date that insomnia is common in a military population, and is associated with a wide array of negative factors in the domains of health, military readiness and intentions to remain in military careers.
IN TROD UCTI ON
Insomnia disorder affects about 5-10% of the adult population, while a more episodic presentation of insomnia symptoms has been observed in approximately 30% (Mai and Buysse, 2008; Ohayon, 2002 ). Insomnia appears to be more prevalent in active duty military and Veterans than in the general population. The Johns Hopkins National Veteran Sleep Survey, a web-based survey, reported a striking 76% of respondents who had insufficient sleep duration, with approximately 70% reporting difficulty falling or staying asleep (Vet Advisor, 2013) . Using DSM-IV criteria, approximately 74% met clinical criteria for a diagnosis of insomnia based on survey responses. A sample of active duty military personnel reported a lower prevalence rate of 25%; however, the sample included only those personnel referred for polysomnography, and thus may not represent overall prevalence (Mysliwiec et al., 2013) . Similarly, 20-30% of active duty personnel reported trouble sleeping as defined by trouble falling or staying asleep of at least moderate severity (Seelig et al., 2010) . Taylor et al. (2016) reported an insomnia prevalence rate of 19.9% among pre-deployment military service members, though relied exclusively on the Insomnia Severity Index for documentation of insomnia symptoms.
Identifying and treating insomnia in military personnel is important in light of its consequences. Sleep problems are one of the most common reasons for military personnel seeking behavioural health care, exceeding combat-related causes (Army Live, 2011) . In a recent study, 17% of service members reported that sleep problems impaired daytime functioning (Troxel et al., 2015) . In a longitudinal examination, insomnia symptoms predicted poorer health, greater health care utilization, more days of lost work, and greater odds of early discharge in military personnel (Seelig et al., 2016) . In one of the largest samples analysed, pre-deployment insomnia symptoms were associated with greater odds of developing post-deployment post-traumatic stress disorder (PTSD), depression or anxiety (Gehrman et al., 2013) . This is important, as psychological climate can substantially influence morale and intentions to leave the Army (Langkamer and Ervin, 2008) . However, there is a dearth of research on whether and how insomnia is associated with either morale or Army career intentions. Extant research on morale has likewise shown that lower levels of morale are linked to greater levels of PTSD in the military; however, insomnia was not assessed (Jones et al., 2012) . It is yet unknown whether and how insomnia and morale are related. Given the aforementioned findings of insomnia's detrimental effect on both functioning and psychological health, it was hypothesized that participants with insomnia would have worse morale.
In light of evidence of the negative consequences of insomnia, understanding its prevalence, biopsychosocial predictors and functional correlates among military personnel is critical. Unfortunately, most research has been conducted on civilians; there are far fewer studies on active duty military samples. This is a significant gap: demographics and characteristics of military populations are different from those of civilians in meaningful ways (e.g. age, sex, combat exposure; Troxel et al., 2015) . In addition, the aforementioned estimates of insomnia disorder prevalence and correlates in active duty personnel are restricted to treatmentseeking samples and/or isolated symptoms rather than full disorder symptomatology. Therefore, the current study aimed to address these gaps by examining a nationally representative sample of 21 499 active duty soldiers in the US Army, one of the largest active duty research samples to date. This report presents the prevalence of insomnia, its biopsychosocial predictors and its functional correlates, including indicators of Army career retention.
MATERI ALS AND METHODS

Data collection
Data were obtained from the All-Army Study (AAS) of the Army Study to Assess Risk and Resilience in Service members (STARRS; Heeringa et al., 2013; Kessler et al., 2013; Ursano et al., 2015) . The AAS was a cross-sectional survey conducted from 2011 to 2013. Stratified probability sampling of Army units and sub-units was conducted without replacement to identify a representative sample reflective of the active duty US Army force. After being selected for participation, soldiers were given information, frequently asked questions and a toll-free number for additional questions, and ordered to attend the informed consent session. Approximately 76.5% of these attended the consent session; the remainder did not attend due to conflicting duty assignments. During the consent session, soldiers were informed of the purposes, procedures, confidentiality and voluntary nature of the survey, including the right to withdraw, and were given the opportunity to have questions answered.
Approximately 96% of these consented to participate and, of those, 98% completed the AAS, yielding a total sample of 21 499. All procedures were approved by the Human Subjects Committees of organizations involved; data analysis was determined by the local institution to be exempt from review (see Heeringa et al., 2013 and Kessler et al., 2013 for a full discussion on the STARRS data collection methodology and field procedures).
Measures
The AAS questionnaire comprised items from scales selected to be both efficient and informative in this largescale survey (Ursano et al., 2015) . The questionnaire consisted of approximately 173 questions; the items and response options utilized for the current study are included in Tables 1-5 for reference (see also STARRS members, 2016, for a full copy of the questionnaire). In addition to examining insomnia status, we chose to examine data from sections of the STARRS survey that reflected risk factors and correlates based on the literature of insomnia development in the military.
Operationalization of risk factors and correlates
To generate operational definitions of risk factors and correlates, we utilized the extant literature as well as the World Health Organization's definitions (WHO, 2017) , which identify risk factors as an individual's traits, characteristics or exposures that increase the likelihood that he/she will develop insomnia symptoms, and correlates as such traits, characteristics or exposures that frequently accompany insomnia symptoms. Given the cross-sectional nature of the data and the inability to establish temporal precedence, it is important to note that in our analyses, it is indeed possible that certain traits or behaviours can fit operational definitions of both risk factors and correlates. For the purposes of this study, to determine risk factors, we relied on previous literature on the characteristics, traits and exposures that place individuals at risk of developing insomnia (e.g. demographics; Roth et al., 2011; substance use; Brower, 2003; Drake et al., 2013; mental disorders; Drake et al., 2003; McLay et al., 2010; Staner, 2010 ; low social support, Taylor et al., 2016) . Regarding insomnia correlates, we selected functional problems, including those participants perceived as due to sleep problems (Kuppermann et al., 1995) , morale and Army career intentions. We selected morale and Army career intentions as correlates given that no published study to date has established links between insomnia symptoms and both of these constructs, and thus we have no prior literature basis from which to support a risk factor classification.
Insomnia status
Insomnia status was measured with the Brief Insomnia Questionnaire (BIQ; Kessler et al., 2010) , which assesses (1) ª 2017 European Sleep Research Society frequency (number of nights per week) of insomnia symptoms in the past 30 days (i.e. taking more than 30 min to fall asleep, waking three or more times during a single night, waking at night and taking more than 30 min to get back to sleep, waking more than 30 min too early in the morning, and feeling tired or unrested in the morning even after a full night of sleep). The measure also assesses (2) degree of functional impairment due to sleep problems, with the item, 'How much did your sleep problems interfere with your daytime functioning in each of the following ways over the past 30 days'. Areas assessed included daytime fatigue, somatic problems, moodiness, reduced performance at work/ school and accident-proneness on a five-point Likert scale. Also assessed was (3) the number of months out of the past year that sleep has interfered in these areas. Finally, (4) age at first onset of sleep problems for 1 month or longer was queried with a write-in response. Current (past 30 day) insomnia status was operationalized based on selected DSM-5 criteria if a participant had: (1) insomnia symptoms 3 or more nights per week; (2) reported that sleep problems interfered with functioning at least 'a lot'; and (3) sleep problems occurred at least 3 months out of the past year. Given the fact that insomnia disorder could not be diagnosed with the information provided in the questionnaire, insomnia status may represent either the full disorder or a collection of sub-threshold symptoms.
Risk factors
Mental health, cigarettes, caffeine, energy and alcoholic drinks use. The Composite International Diagnostic Interview (CIDI) screening scales for mental health disorders were used to determine the number of current and lifetime mental health disorders. The CIDI Substance Abuse Module Bold text indicates both a statistically significant difference between groups after Bonferroni correction and an effect size of at least a small magnitude. Ethnicity is coded independently of race as Hispanic/non-Hispanic. *ES = effect size (Phi or r); 0.10 = small effect; 0.30 = medium effect; and 0.50 = large effect. † GED refers to passing the general educational development tests to earn high school equivalency credential. ‡ Test statistic represents omnibus test; sub-categories are italicized if frequencies are significantly different between those with and without insomnia per a post hoc X 2 at P < 0.05 (e.g., 2 9 2 [race category y/n by insomnia y/n]).
ª 2017 European Sleep Research Society (CIDI-SAM) assesses tobacco, alcohol, drug and caffeine usage in the past 30 days. This measure was developed for clinical and research use, including epidemiological studies; it has demonstrated adequate validity and reliability (Cottler et al., 1989; Kessler and € Ust€ un, 2004) . 
Correlates
Functional problems. We examined participants' responses to the BIQ item that asked the degree to which, in the past 30 days, sleep problems impacted daytime functioning in the areas of daytime fatigue, somatic problems, moodiness, reduced performance at work/school and accident-proneness. Additionally, functional problems in the last 30 days were examined per responses to individual items from the Patient Health Questionnaire (Kroenke et al., 2010; Spitzer et al., 1999) . The degree to which physical, mental and substance use problems interfere with functioning in the last 30 days was assessed with the Sheehan Disability Scale (Sheehan et al., 1996) . One's ability to cope with stress since deployment was assessed with a one-item question previously used in studies of deployed soldiers (Hurricane Katrina Community Advisory Group, 2016). Of note, this measure was administered to a subset of respondents due to deployment status (n = 15 421).
Morale and Army career intentions. Morale and Army career intentions are direct indicators of Army retention. Therefore, these were each assessed with items previously Bold text indicates both a statistically significant difference between groups after Bonferroni correction and an effect size of at least a small magnitude. *ES = effect size (r); 0.10 = small effect; 0.30 = medium effect; and 0.50 = large effect.
ª 2017 European Sleep Research Society used in the J-MHAT7 (Army Live, 2011) . Morale was assessed with a single item, 'How would you rate your morale?', on a five-point Likert scale ranging from 1 (very low) to 5 (very high). Army career intentions were assessed with two items, the first assessing the participant's intention to stay in the Army until retirement versus leaving the Army after his/her present obligation rated on a five-point Likert scale ranging from 1 (will definitely leave Army) to 5 (will definitely stay in Army); the second assessing the likelihood of leaving the Army before the end of his/her present obligation rated on a five-point Likert scale ranging from 1 (definitely would not leave) to 5 (definitely would leave). This latter question was asked of a subset of participants (n = 8072).
Data analysis
Soldiers meeting selected criteria for insomnia disorder were compared with those who did not meet these criteria. Chisquare tests of independence were used for comparisons of sex; education; race; ethnicity; residence in barracks; months with unit; and number of deployments. Mann-Whitney Utests were used to compare groups on age; number of cigarettes, caffeinated, energy and alcoholic drinks; mental health; social support; functional problems; morale; and Army career intentions. All available data were used for each comparison, resulting in different samples sizes for each test.
Given the large sample size, it was anticipated that many Bold text indicates both a statistically significant difference between groups after Bonferroni correction and an effect size of at least a small magnitude. *ES = effect size (r); 0.10 = small effect; 0.30 = medium effect; and 0.50 = large effect. † Responses on a composite measure of frequency supportive leader behaviours, with total possible scores ranging from 4 to 20, where higher scores indicate more frequent supportive behaviours.
ª 2017 European Sleep Research Society analyses would yield statistically significant results, even if the magnitude of effects was very small. As such, effect sizes (Phi and r) were also computed and classified as follows: 0.10 = small; 0.30 = medium; 0.50 = large (Field, 2009) . Bonferroni corrections for multiple comparisons were calculated for each section of the STARRS.
Logistic regression analysis was used to investigate the independent and additive contribution of demographics, cigarette use, mental health and social support on insomnia status. Only those variables with effect sizes of at least a small magnitude and that were statistically significant after Bonferroni correction in bivariate analyses were entered into this model. Spearman's rank-ordered correlation was used to examine bivariate relations among predictors. Examination of tolerance values indicated that none was below the recommended cut-off of 0.20 (Rovai et al., 2014, p. 581) . Variables in the logistic regression with effect sizes of at least small are interpreted in the Discussion. There were a total of 18 416 respondents with complete data in the regression analysis; less than 10% of data were missing for each item. For the subsample in the logistic regression analysis, the pattern of effect size magnitudes and statistical significance in the bivariate tests was very similar to that of the larger sample.
RESUL TS
Of the overall sample of 21 499 soldiers, 4881 (22.76%) met the selected insomnia criteria. Among these, 748 (15.32%) were age 17 years or younger when they first experienced sleep problems; 4133 (84.68%) were age 18 years or older and, of those, median age of onset was 23.00 (inter-quartile range 20.00-28.00). The most frequently endorsed duration of insomnia on the BIQ was 10-12 months (42.88%; median = 8-9 months; inter-quartile range 6 to 10--12 months), indicating that insomnia was a persistent problem over most of the prior year for most individuals.
Risk factors
Demographics
Demographics are presented in Table 1 . After Bonferroni correction, there was a statistically significant difference of small magnitude between those with and without current Bold text indicates both a statistically significant difference between groups after Bonferroni correction and an effect size of at least a small magnitude. *ES = effect size (r); 0.10 = small effect; 0.30 = medium effect; and 0.50 = large effect. †This item was asked only of participants who had deployed. ‡This item was included in one administration version of the survey to a subset of participants.
ª 2017 European Sleep Research Society insomnia on highest education achieved, such that those without insomnia had more education than those with insomnia. Significant but very small magnitude differences were found between groups on age, sex, race, ethnicity, residence in barracks, number of months in current unit, and number of deployments.
Cigarettes, caffeinated, energy and alcoholic drinks
Data on daily use of substances are presented in Table 2 . Soldiers with insomnia consumed more caffeinated, energy and alcoholic beverages than those without insomnia, but these differences were of a very small magnitude. Compared with soldiers without insomnia, soldiers with insomnia used more cigarettes, at a difference of a small magnitude.
Mental health and social support
Psychosocial factors are presented in Table 3 . Soldiers with insomnia endorsed more difficulties with each of the psychosocial factors examined, and experienced a greater number of current and lifetime mental health disorders. They also perceived less support from other unit members and leaders, and had less respect for both commissioned and non-commissioned officers.
Logistic regression
Risk factor variables that were of at least a small magnitude and significant after Bonferroni correction were entered into the model predicting insomnia status (Table 4) . Lower levels of education significantly predicted insomnia, with the comparison between post-baccalaureate degree and high school or general education development, some post-high school, and associate's degree meeting the effect size cut-off. Responses to the question 'I can rely on unit members for help if needed' significantly predicted insomnia status; the comparison between strongly agree and strongly disagree met the effect size cut-off such that those who strongly disagreed had greater odds of insomnia. Responses to the question 'I can open up and talk to my first-line leaders for help if needed' significantly predicted insomnia status; the comparison between strongly agree and strongly disagree met the effect size cut-off such that those who strongly disagreed had greater odds of insomnia. Greater number of cigarettes per day significantly predicted insomnia, with the comparison between 31 or more and none or 1-2 meeting the effect size cut-off. Both greater number of current and lifetime mental health disorders significantly predicted insomnia, but only number of current mental health disorders met the effect size cut-off. More supportive leadership behaviours significantly predicted insomnia, but did not meet the effect size cut-off. Respect for unit commissioned and noncommissioned officers and leaders taking a personal interest in the wellbeing of soldiers was no longer significant when entered into the regression model.
Correlates
Frequency and duration of functional problems due to sleep problems among those with insomnia
We examined the percentage of soldiers with insomnia who endorsed sleep problems as interfering 'a lot' or 'extremely' with their daytime functioning in the past 30 days, per responses on the BIQ. Most frequently endorsed by those with insomnia was daytime fatigue/sleepiness/low motivation (77.84%), followed by moodiness (irritability, nerves, worry or depression; 62.76%), headaches, upset stomach, diarrhoea or constipation (34.70%), reduced performance at work/school (28.82%), and accident-proneness (9.38%).
Differences in frequency of functional problems and functional correlates between those with and without insomnia Table 5 presents differences in functional problems. When compared with those without insomnia, soldiers with insomnia endorsed a greater frequency of functional difficulties in the past 30 days in every domain examined. When asked how much their physical, mental and substance use problems interfered with their functioning, soldiers with insomnia endorsed significantly more functional consequences than those without insomnia, in every domain. Soldiers with insomnia also reported less of an ability to cope with stress after deployment than those without insomnia.
Differences in morale and Army career intentions between those with and without insomnia
The relationship between morale and insomnia status was significant, such that fewer of those with insomnia had medium and high morale than those without insomnia; conversely, more of those with insomnia had very low and low morale. Soldiers with insomnia were unsure if they would choose to leave the Army before the end of their present obligation if given the option, while those without insomnia would likely stay in the Army until the end of their obligation. There was a significant difference in post-obligation Army career intentions between groups, such that those with insomnia were undecided whether to stay in the Army after their present obligation, those that did not have insomnia decided to definitely stay in the Army beyond their present obligation but not necessarily until retirement.
DISCUSSION
In a large, representative sample of active duty Army soldiers, insomnia had global and negative associations with health, functioning, morale and Army career intentions. Nearly one-quarter of participants met the selected DSM-5 insomnia criteria, over twice that of the estimated prevalence in the general population (Mai and Buysse, 2008) . While ª 2017 European Sleep Research Society lower than the rate of insomnia in Veterans (Vet Advisor, 2013) , results are consistent with rates reported in other studies of active duty personnel (Mysliwiec et al., 2013; Seelig et al., 2010; Taylor et al., 2016) . Duration typically lasted at least 6-12 months.
Risk factors
Consistent with prior literature (Staner, 2010; Taylor et al., 2016) , mental health problems were robust predictors of insomnia. Stressors that challenge good sleep may be perceived to be the responsibility of and/or mitigated by soldiers' superiors, and lack of support by fellow unit members may potentiate the sleep-disturbing effects of stressors. Sleep leadership is associated with sleep quality, unit climate, morale, cohesion and depressive symptoms (Gunia et al., 2015) . Thus, open lines of communication with leaders may have benefits that extend beyond sleep characteristics and into psychosocial and emotional positives. Future research should explore characteristics of effective communication regarding insomnia prevention and management. Taken with literature on insomnia and unit cohesion (Taylor et al., 2016) , results illustrate the need to further explore how unit member support may reduce insomnia risk. While certain military duties that precipitate insomnia tend to be held by those with less education, prior research has not found strong differences in sleep problems by military occupation (Seelig et al., 2016) . Poor sleep environment is the most-endorsed cause of sleep disturbance in the Army (Army Live, 2011 ); yet, in this study, living in barracks was only very weakly associated with insomnia status. The single item measure on living quarters (barracks: yes/no) may not be sensitive enough regarding relevant environmental characteristics. Education status may be a marker of resilience or rank, both unmeasured in this study. Future research should focus on disentangling insomnia's association with education and rank.
Finally, to the extent that cigarettes are used in an attempt to cope with stress, cigarette use may represent a degree of emotional burden that can perpetuate insomnia among those with otherwise poor coping strategies. Future studies that can establish temporal precedence should investigate the interplay between cigarette use and one's perceived stresscoping ability.
Correlates
Over a third of those with insomnia experienced physical and psychological consequences associated with the disorder. Compared with those without insomnia, they reported greater dysfunction in every domain examined, including quality of work on duty. This supports research connecting insomnia with daytime impairment and lower unit readiness to perform military operations (Army Live, 2011) . Compared with those without insomnia, nearly four times as many military soldiers with insomnia endorsed very low morale; they also had greater indecision about remaining in the Army both until the end of their present obligation and beyond.
Limitations
The data available in this study did not allow for a full determination of DSM-5 criteria for insomnia disorder (i.e. other conditions could have entirely explained participants' insomnia; duration was assessed per number of months in the past year that participants had insomnia, rather than 3 months or longer). Therefore, insomnia as it was assessed in this study may represent either a full disorder or sub-threshold symptoms. However, a strength of the study is that the measure used to form the insomnia status variable was more comprehensive and closer to DSM-5 than prior large-scale studies on active duty US military personnel; future studies should include procedures to account for full DSM-5 criteria.
Temporal precedence of insomnia onset and risk factors could not be established. Similarly, there was variation in time frames for items analysed in our regression model (e.g. cigarette usage in the past 30 days and insomnia present for months/years). It is possible that some risk factors may represent consequences of insomnia, and vice versa; future longitudinal research should explore the possible cyclical nature of such factors. Finally, results suggest that the relation between insomnia and morale should be further probed; multiple-item measures should be used to more fully define this construct.
Of note, only a limited number of participants responded to certain questions (e.g. coping with stress since deployment, leaving the Army prior to the end of their obligation). Therefore, while measures were taken to recruit a sample representative of the active duty US Army, results may not generalize to all soldiers due to incomplete responses on the survey or non-participation due to conflicting duty assignments. Due to the nature of the survey, data were unavailable on the degree of functional impairment due to sleep problems among individuals with sleep problems 2 nights or less per week. Finally, this survey was not anonymous; although participants were informed of confidentiality protections, there could have been a bias toward underreporting. Although we cannot rule out this possibility, even in this sample, insomnia was consistently associated with poorer functioning and career retention indicators.
CONC LUSIONS
In this large sample of active duty US Army soldiers, the prevalence of insomnia was over twice that of the general population with negative associations with functioning, morale and Army career intentions. Within the context of existing literature, insomnia is consistently linked to a wide array of negative factors, including soldier's readiness and ability to successfully perform military operations; these factors may be particularly important for military retention and decisions to discontinue military careers. Considering evidence that treating ª 2017 European Sleep Research Society insomnia can improve physical and mental health (Karlin et al., 2013; Kyle et al., 2010; Taylor and Pruiksma, 2014) , education on evidence-based insomnia prevention strategies and opportunities to practice healthy sleep patterns are needed. While it is recommended that sleep hygiene be incorporated into Basic Combat Training, it is unclear how consistently these practices are implemented (Army Live, 2011) . Results underscore the importance of stress-coping education, and longitudinal research to determine whether the ability to cope with stress after deployment contributes to or is a result of insomnia (or both). While mental illness was a strong correlate of insomnia and could identify those at greatest risk, it is important to consider that within military culture, self-identifying as a soldier with a mental health disorder may have negative occupational consequences (Brown and Bruce, 2016) . Therefore, open lines of communication with leaders and advocacy for insomnia prevention and treatment are warranted.
